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This  report  covers  several  areas  of  investigation  in  mechanical  trauma. 

These  are 

- •  The  effect  of  ooaratlw.  traum".  upon  ren.'l  function  following  minor  abdominal 
operations.  Renal  plasma  flow  and  filtration  rate  appeared  to  increase 
slightly  but  significantly  after  lesser  abdominal  operations.  Following  large 
abdominal  operations  these  functions,  arc  significantly  depressed.  Thoracic 
operations  even  of  great  magnitude  do  not  depress  renal  function  i..:esu:!:i.'..g 
that  shock  has  not  intervened. 

2 .  Renal  tubular  necrosis  and  death  in  dogs  durliy:!  homorrhacic  shock;  Relation 
to  method  of  blood  handling;.  Morbidity  and  mortality  in  dogs  subjected  to 
hemorrhagic  shock  is  diminished  by  the  use  of  heparin  and  is  also  diminished 
by  the  omission  of  all  wetablc  surfaces  from  the  exsanguination  and  re- 
transfusion  system. 

3.  O-.'.vfien  consumption  during  shock  in  dogs.  Methods  for  measuring  oxygen 
consur.'.ption  during  shock  are  described  and  the  usefulness  of  the  measure¬ 
ment  of  this  parameter  is  indicated. 


NOTE:  Copies  of  this  report  are  filed  with  the  Armed  Services  Technical 

Information  .Igancy,  Arlingto.'i  Hall  Station,  Arlington  12,  Virginia,  and 
may  be  obtained  from  that  agency  by  qualified  investigators  working 
under  Government  contract. 
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SECTION  I 

TilS  EFFECT  OF  OPfJLITIVE  TRAUMA.  UPON  RENAL  FUNCTION 


During  the  1940' s  the  inarkcd  effect  of  heniorcl^aglc  and  traumatic  shock 
\..:on  uhe  hiuneys  was  amply  demonstrated  both  a::parlmantally  and  clinically 
in  the  classic  studies  of  Lauson  et  al,  Phillips  at  al,  and  Bywatars.  Thaaa 
oh.-.crvatlons  lad  Investlgacoru  to  question  tha  affect  operative  trauma  had 
upon  renal  function  as  contr.nsted  to  the  affect  of  shock.  Ariel  In  19!i0, 

E.'.iif  et  ul  in  1931,  and  DeVardcner  In  1953  and  1935  reported  on  the  effect 
of  anesthesia  and  operation  on  renal  function.  All  of  these  investigators 
a^.reed  tliat  anesthesia  per  se  had  a  profound  depressing  effect  on  renal 
hiuod  flow  and  on  glomerular  filtration  rate;  however,  operation  itself 
seemed  to  add  no  farther  depression  to  these  parameters  and  following  tha  end 
of  operation  and  anesthesia,  renal  function  returned  promptly  to  normal 
levels  within  ten  to  fifteen  minutes.  These  studies  Included  petlents  under* 
going  a  wide  range  of  procedures  from  herni.'  repair  to  subtotal  gattrectosgr> 

Following  the  unanimous  reports  of  these  Investigators,  little  attention 
\.’ns  given  In  tha  following  years  to  the  question  of  operative  effects  upon 
renal  function.  Clinicians  continued  to  note,  however,  that  an  occasional 
patient  following  a  major  operation  without  apparent  complications  (r.o 
evidence  of  transfusion  reaction,  no  evidence  of  prolonged  shock  at  operation, 
and  no  evidence  of  pre>operatlve  renal  dai.age)  developed  acute  renal  failure 
pot; '-operatively.  Tills  was  most  coct  only  observed  in  patients  followir,; 
resections  of  abdominal  anaurysms.  The  predilection  of  the  patient  with 
abdominal  aneur^’sm  resection  to  suffer  renal  failure  was  pointed  out  by  Doolan 
ct  al,  and  by  Fowers.  Powers  suggested  that  this  was  a  raflex  phenomenon  due 
to  tha  cross  clai.-.ping  of  the  aorta  and  could  bo  prevented  by  blocking  the 
norves  of  the  renal  pedicle.  Gangon  et  al,  Aukland,  McGonlgle  et  al,  and  Berry 
et  al  liavu  been  unable  to  cemonscrate  this  reflex  in  dogs  or  in  humans. 

Recently,  Kragcland  (1960)  and  Gullick  and  Raisa  (1961)  have  reported 
u'.iat  there  Is  some  depression  of  renal  f  inctlon  following  major  operations 
which  is  not  attributable  to  the  direct  effect  of  anesthesia,  Krageland 
found  a  SOX  depression  of  the  creatinine  clearance  in  more  than  half  of  the 
patients  he  studied  and  Gullick  and  Raisa  noted  that  the  patients'  ability  to 
r..lse  urine  osmolarlty  was  impaired  following  the  oparation  in  many  instances. 
This  v/ork  has  led  us  to  further  evaluate  the  problem  of  post-operative  renal 
function. 


Section  I 


MAIERULS  AND  METHODS 


PAII  and  Inulln  clearances  were  determined  the  day  before  opetation 
and  five  hours  after  operation  in  a  group  of  43  patients.  Patients  50  years 
uf  a^e  and  older  were  selected  as  being  a  group  which  would  be  most  likely 
to  show  post-operative  renal  change.  Pre-operative  renal  function  was  notalal 
as  determined  by  urinalysis,  serum  urea  nitrogen,  and  clinical  histoxy.  Xha 
types  of  operations  studied  were  classed  as  large  abdominal  operations, 
lncli.ding  subtotal  gastrectoc^  and  hemicolectomy:  moderate  abdottinsl  opera¬ 
tions,  including  o:<ploratory  laparotomy  and  biopsy,  ehdlaeystactoay,  vagotoay 
and  pyloroplasty;  thoracic  operations,  including  lobactoffliaa  and  pnaumoneo- 
tomles;  and  abdominal  aneurysm  resections. 

Ihe  renal  clearance  tests  were  done  according  to  the  constant  infusion 
technique  of  Smith,  Goldrtng  and  Chasls  as  modlflad  by  Shook.  Infuslcn  of 
iluids  was  regulated  with  a  tunnel  clamp.  All  clearancea  were  studied  for 
a  minimum  of  three  periods.  During  pre-operative  periods  in  which  urlns 
flow  was  high,  period  lengths  of  ten  minutes  wore  sometimes  used.  Post- 
oparatlvaly  all  periods  were  at  least  fifteen  minutes  In  length  and  somatlMS 
a  lulf  hour.  Bacausa  of  the  recurrent  question  as  to  the  effect  of  osmetles 
on  renal  flow,  no  osmotic  diuretics  were  used  to  promote  renal  flow  either 
pro  or  post-operatlvely.  A  multieyed  straight  catheter  was  used  for  blsddar 
drainage  in  male  patients  end  a  muahroom-tipyed  catheter  was  used  for  bladder 
drainage  la  fomalo  patients.  Analytical  methods  previously  desoribed 
Were  used  (Shock  1946). 

The  pre-operativs  renal  function  Ir'veis  in  these  pstients  diminished 
Wien  age  as  noted  by  Davies  and  Shock,  and  Lowensteln  et  al.  The  slope  of 
regression  in  age  in  these  2  studies  and  the  present  one  were  very  close. 


EESULTS 


Individual  results  in  all  patients  together  with  their  mean  and  standard 
deviations  are  recorded  in  the  first  table.  Of  the  patients  in  the  first 
group  undergoing  minor  Intra-abcomiiutl  operations  there  were  8  pstients  renglng 
in  age  from  56  to  84.  UlcmeVclar  filcracion  rate  rose  at  5  hours  after 
operation  in  every  patient.  Renal  plasma  flow  also  increased  in  soma  patients, 
but  this  change  was  not  as  great  or  as  const,  ent  as  the  rise  in  glraerular 
filtration  rate.  The  filtration  fraction  ulso  Increased  in  6  of  the  8  patients 
chiefly  due  Co  the  rise  in  the  glomerular  filtration  rate. 

The  5  patients  undergoing  operations  or.  the  chest  ranged  in  age  from 
53  to  70.  V.Lcy  ri.qulrec  in  every  instance  blood  transfusions  to  maintain  them 
during  operation.  Despite  this  the  results  In  this  group  were  not  far  different 
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from  those  in  the  first  group.  Glomerular  filtration  rate  rote  aoffiewhat  and 
a  moderate  Increase  in  vennl  plasma  flow  was  also  seen  although  it  was  not 
found  in  all  patients.  Again  filtration  fraction  was  Increased. 

I'hose  patients  undergoing  ertensive  intra>abdoininal  operations  showed  a 
definite  and  significant  fall  in  both  renal  plasma  flow  and  in  glonatular 
filtration  rata.  Filtration  rate  fell  somewhat  less  than  renal  ptsana  flow 
resulting  again  in  Increase  in  the  filtration  fraction. 

Finally,  in  those  patients  operated  on  for  ebdominel  aneurysms,  both 
renal  plasma  flow  and  glomerular  filtration  rate  decreased  after  observatiott  ^ 
v/lth  c  rise  in  the  filtration  fraotlon  largely  due  to  a  greater  fall  in  plasawr 
flow  chan  in  glomerular  filtration  rate.  These  changes  wars  net  markedly 
different  Chan  chose  found  in  pationts  undergoing  other  major  IncrS'Sbdomlnsl 
operations.  Statistical  analysis  of  tlia  data  waa  dona  and  indleatad  the 
levels  of  significance  noted  in  Table  2. 


DISCUSSION 


These  results  indieate  an  increase  In  glomerular  filtration  rata  and 
renal  plasnva  flow  after  lesser  abdominal  operations.  These  changes  art 
significant  and  have  not  b‘>an  provlously  reported.  The  reason  chat  these 
changes  were  not  pcsvloualy  observed  may  be  that  many  of  the  early  workera 
followed  their  patients  through  spexsclon  with  reposted  elearenee  determlna* 
tions  and  for  an  hour  or  two  after  operation.  When  renal  functions  return  te 
nortnal  at  a  point  one  or  twe  hours  post-operatlvely  observations  of  x«Ml 
functiora  were  dlscontlnsed.  If  functions  had  been  studied  over  a  longer  period 
the  changes  reported  here  would  presumably  have  been  apparent.  The  ceuae  for 
this  Increase  is  not  entirely  clear.  The  Increase  in  glomerular  filtration 
rate  nay  be  explained  aa  a  result  of  constriction  of  the  efferent  glomerular 
vessels.  The  rise  in  renal  plasma  flow  might  be  related  Co  the  Cranaient 
increase  in  cardiac  output  which  has  been  reported  to  follow  leas  axtanaiva 
operations . 

The  patients  who  undotwent  thoracic  operations  showed  no  significant 
difference  from  those  patients  undergoing  minor  Intra-abdomlnsl  proeedurss. 

All  of  t'.ieae  patients  required  blood  transfusions  in  the  course  of  their 
operations  often  amounting  to  as  much  as  2  or  3  units  compared  to  the  previous 
group,  none  of  whom  had  required  blood  transfusions.  It  appears  Chat  Ccsna> 
fusions  per  se  do  not  play  a  role  i:.  renal  functional  changes  after  operation. 
The  observation  chat  thoracic  operations  do  not  depress  rensl  functional 
changes  in  these  older  patients  is  of  special  Interest  considering  Che  observa> 
tions  of  ladd  in  surveying  renal  functional  changes  in  Korean  casualties.  He 
found  that  patients  following  chest  wounds  were  much  less  likely  to  have  renal 
functional  repression  and  that  post-npevacive  renal  failure  was  much  less 
common  in  this  group  of  patients. 
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Of  the  13  patients  undergoing  larger  abdoainai  operations  there  ms  a 
significant  depression  post-oporatlvely  in  glomerular  filtration  rata  and 
renal  plasma  flow.  These  findings  suggest  that  the  postoperetive  depression  ' 
in  renal  functions  may  be  affected  both  by  the  site  and  by  the  magnitude  of  tha 
Operation.  Such  factors  as  the  disturbance  of  the  ureters  in  the  eouree  of 
reflecting  the  peritoneum  during  colon  resection  end  abdominal  perineal 
resection  and  the  pressure  of  paclcs  on  the  kidney  end  ureters  in  the  eourae 
of  both  upper  and  lower  abdominal  operations  may  play  a  role  in  this.  Again 
it  is  puzzling  why  post-operative  depressions  following  these  larger  opera- 
tiens  have  tu)t  been  noted.  Heview  of  most  of  the  previous  stadias  auggaat 
however  that  not  enough  patients  were  studied  to  divide  tha  operations 
according  to  site  as  well  as  to  magnitude.  Moreover,  the  ege  groups  studied 
were  not  as  homogenous  as  in  the  current  study. 

Finally,  in  those  patients  undergoing  aneurysm  resection  depression  in 
renal  function  also  occurred.  However,  the  magnitude  of  these  depressions 
./es  no  greater  than  that  noted  in  other  patients  undsrgolng  other  larger 
abdominal  operations  and  the  difference  between  these  two  groups  is  not 
statistically  significant.  Beall  has  reported  that  renal  functions  In  thla 
group  of  patients  sr^i  depressed  aa  long  as  24  to  48  hours  post-operetlvely 
v'hun  the  normal  pro  'opecativs  regimen  of  water  deprivation  after  midnight  la 
followed,  Hrs  studies  indicate  that  this  drop  in  renal  function  may  ba 
related  simply  to  dehydration.  In  any  case,  it  would  appaar  that  erosa 
ciuii.pii\g  of  tlie  aorta  is  not  the  dacssivo  esuss  for  this  dacraasa  in  ranal 
function  since  similar  dapvosslons  are  noted  following  aiailar  abdominal 
oparatlona  in  which  eroaa  lapping  of  tha  aorta  is  not  dons. 

Decreases  in  glomerular  flltretlon  rate  end  in  renal  plaaioa  flow  can 
produce  alterations  in  the  scdlum  reabr-rptlon  in  tha  ranal  tubules.  IhexuXor®, 
It  .appears  that  post-operative  changes  in  renal  function,  at  least  in  tha 
first  few  hours  sfter  operstlon  n»y  oceount  for  some  of  the  changes  noted  In 
post-operative  electrolyte  excretion. 

Since  all  of  chose  studies  here  reported  were  conducted  in  patients 
30  yeses  of  age  and  over,  conclusions  must  bs  conflnsd  to  this  ege  group.  Xhn 
findings  suggest  that  it  would  be  worthwhile  to  conduct  similar  studiaa  in 
younger  patients.  Serial  studies  during  Che  entire  24  ox  48  hours  post¬ 
operetive  would  be  most  useful. 


Studies  of  glomerular  filtration  rate,  renal  plasma  flow,  filtration  frac¬ 
tion  in  29  patients  after  various  types  of  operctlons  Indicats  that  tha  site  Of 
operation  and  tha  magnitude  of  operation  affect  these  renal  funeciona  in  patianta 
of  this  age  group.  lesser  abdominal  operations  and  chest  operations  ere 
followed  by  a  modest  but  significant  elevation  of  glomerular  filtration  rate  end 
plasma  flew.  Larger  abdominal  operations  are  associated  with  a  aignificant  drop 
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In  both  renal  plasna  flow  and  glomerular  filtration  rate  again  with  a  rise  la 
filtration  fraction.  The  depreaslon  of  renal  function  following  abdominal 
aneuryam  resection  docs  not  appear  b..  differ  from  that  aaan  In  other  abdominal 
operations  of  similar  magnitude 
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SECTION  II 

THE  PRODUCTION  OF  RENAL  TUBULAR  NECROSIS  IN  DOGS 
BY  HEMORRHAGIC  SHOCK  AND  THE  EFFECT  OF  BLOoD  HANDLING 


Soiif-tlmp  ago  x*ile  engas®*!  soir.a  expcriii-aats  on  hemorrhagic  ihock,  w« 
nouLd  that  attar  long  periods  of  moderate  shock  small  infarct-lika  laiiona  war* 
fonnd  In  the  renal  tissue  o£  dogs.  Tne  eKtenC  and  number  of  thee*  Usione  war* 
found  to  be  related  in  soma  degree  to  Che  amount  of  heparin  that  tha  anlmale 
uto  given  In  the  course  of  the  experiments.  On  examining  the  literature  It 
v. s  found  that  these  findings  duplicated  and  confirmed  tha  findings  of  Hardaway 
ut  .d  \/Uo  lied  reported  that  the  heparinized  dog  was  mora  roalstant  to  hemorrhagic 
thuuk  than  the  nonhepariulzed  animal  and  who  had  noted  almllar  ranal  lealona  aa 
as  lesions  elsewhere  in  his  animals  following  varying  parloda  of  shock. 
During  subsequent  personal  communication  with  Johnson  and  Hardaway,  Johnson 
noted  titat  the  method  in  which  blood  was  handled  seemed  to  affact  tha  axtant  and 
r.j.war  of  renal  lesions  found  and  that  these  lesions  saemed  to  ba  ralatad  at 
least  partly  to  the  amount  of  wetable  substances  in  tha  blood  handling  syatan 
such  as  glass  and  steel  three-way  stopcocks.  On  the  basis  of  this  obsarvattoa 
v.'e  embarked  on  a  project  of  evaluating  the  effect  of  both  heparin  and  of  non- 
Wetable  systems  on  the  response  of  hemorrhagic  shock  in  dogs. 


FSTHOD 


A  tot.'‘l  of  136  mongrel  dogs  were  used.  The  dogs  were  restrained  on  an 
a.'.f:\nl  operating  table.  Under  local  anesthes.a  a  cutdown  was  made  over  the 
fe..ieral  artery  and  vein.  The  femoral  artery  mm  cannulated  with  a  polyethylene 
cannu^u.  When  a  wetable  system  was  used  this  cannula  }  connected  by  way  of 
the  poivethylene  tubing  to  a  regulation  hospiaal  thr  ray  stopcock  and  than  by 
way  or  further  pxascic  cubing  to  a  glass  bottle.  In  u...'  nonwetable  system  tha 
polyethylene  tubing  was  connected  directly  to  a  plastic  tubing  leading  to  a 
plascic  blood  transfusion  bag.  Blood  was  removed  from  the  dogs  by  allowing  them 
to  bleed  into  the  receptacles  at  a  given  level  so  that  they  acted  as  "Lamson 
bottles."  The  level  of  shock  selected  in  all  animals  was  moderate  and  a  mean 
pressure  of  90  m.  of  mercury  was  maintained.  Blood  was  returned  to  the 
animals  at  the  end  of  the  shock  period  in  the  wetable  system  by  means  of  a  glass 
syringe  attached  to  the  three-^/ay  stopcock.  1..  the  nonwatabl^^  system  blood  was 
returned  to  the  animal  by  means  of  a  pressure  cuff  around  the  plastic  blood 
transfusion  bag.  A  cutdown  was  also  done  or.  the  contralateral  groin  and  a 
cathet.er  placed  in  the  femoral  artery  on  thrs  side.  This  catheter  was  used  to 
mat.sure  blood  pressure  in  the  animals  by  connecting  it  with  a  mercui^  manometer 
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and  It  was  also  used  for  the  collection  of  arterial  blood  samplai.  7h«  anlmalt 
a  divided  Into  live  cxpcrlmuntal  groups.  In  the  first  group  (A)  the  anlmile 
'  uve  given  a  total  of  a  minimum  of  100  mg.  of  heparin  and  were  bled  Into  a 
t.'ernbi  system.  Dogs  In  this  gro  .p  were  subjected  to  periods  of  2,  4  and  6 
hours  of  shock.  In  Group  B  the  sama  eixperlmental  setup  was  used  except  that 
tna  amount  of  heparin  given  was  reduced  50  mg.  Periods  of  shock  evaluated  were 
2,  4,  0  and  S  hours.  Animals  In  Group  C  used  the  same  experimental  setup  es 
rn  the  previous  two  groups,  but  no  huparln  at  all  was  used.  Blood  in  the 
ruservoir  and  In  the  Cubing  \7as  kept  liquid  with  the  use  of  a  standard  ACD  eolu* 
tlcn,  Xheso  dogs  were  subjected  to  periods  of  shock  of  1  or  2  hours.  Longer 
periods  resulted  in  100  per  cent  mortality  and  therefore  attempts  et  evaluating 
shock  in  animals  of  this  group  boyond  the  period  of  two  hours  ware  abandoned. 

lu  Group  D  were  given  no  heparin  and  In  addition  a  plastic  nonwetabla 
reservoir  system  was  used  In  removing  and  replacing  blood.  Periods  of  shock  of 
2,  3  and  hours  w'cre  evaluated.  Dogs  in  Croup  E  were  not  subjected  to  shock« 
but  v;cce  treated  by  removing  SO  cc  of  blood  In  a  glasa  syringe  from  one  fesnral 
artery  and  simultaneously  replacing  It  with  SO  cc  of  blood  from  another  dog  In 
the  contralateral  femoral  artery  so  that  over  the  period  of  2  hours  of  shock 
a  good  deal  more  blood  was  exposed  to  nonwetabla  surfaces  than  In  the  previous 
experiments,  but  Che  dogs  were  never  in  shock  over  this  period, 

BSSULIS 


Xha  results  are  indicated  in  the  table.  It  Is  apparent  that  lu  thoss 
anlnuls  Created  with  heparin  and  a  wetable  system  that  the  mortality  rate  was 
relatively  low  and  that  even  after  6  hours  of  hemorrhagic  shock  only  2  of  9  of 
these  animals  died.  Reducing  the  amount  of  heparin  by  half,  however,  markedly 
lnccvase<'i  the  mortality  rate  of  the  anlmrls  and  In  anlmala  exposed  to  6  hcu;., 
of  moderate  shock  che  mortality  rate  was  47  per  cent.  Kenal  tissues  taken  from 
those  animals  who  survived  2  Co  4  days  following  these  experiments  showed  renal 
tubular  necrosis  In  8$  per  cent  of  those  animals  subjected  to  6  hours  of  shock. 
Croup  C  Indicates  the  dramatic  difference  produced  by  removing  all  heparin  from 
the  system  when  dogs  were  permitted  to  hemorrhage  into  and  to  receive  blood  back 
fron  i  20  j'sr  sr-r.  cf 

died  and  70  par  cent  of  the  survivors  showed  obvious  renal  lesions.  After  2 
hours  of  shock  using  this  system,  5  of  6,  or  83  per  cent,  of  the  animals  expired 
and  In  the  one  surviving  animal  massive  tubular  necrosis  occurred.  Group  S  on 
the  other  hand  sho^7s  the  response  which  follows  hemorrhaging  an  animal  into  a 
totally  wotable  system.  Here  there  were  no  deaths  In  any  of  the  dogs  after  2,  3 
or  4  hours  of  shock.  Examination  of  the  renal  tissues  still  showed  occasional 
small  areas  of  renal  necrosis.  However,  the  uv-mber  of  areas  and  the  extent  of 
the  lesions  was  much  reduced  and  they  wer  round  much  more  rarely  than  In  the 
dogs  of  Group  C. 

Finarly,  experiments  described  in  Group  E  were  performed  to  determine  what 
uhe  effect  of  blood  handling  alone  was  in  these  experiments.  None  of  these 
anicals  were  in  shock  and  none  of  them  died,  although  one  of  the  five  animals 
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did  show  a  small  araa  ot  renal  necrosio.  This  was  (^ulte  tiny.  Th*  rsiuit 
tuh-ilar  lesions  lound  In  these  oxperii>.ants  were  scattered  areas  ot  cortical 
ischomlc  necrosis,  in  some  Instances  Involving  alnoat  the  entire  cortex. 
Ccu'.parrng  tuem  with  findings  in  humirs,  they  resembled  more  closely  the  leilona 
of  renal  cortical  necrosis  rathe  -  than  the  lesions  described  in  poit-traumtlo 
r-. nil  insufficiency.  They  also  closely  resembled  the  leilona  found  In  doge 
trc.r..ed  with  epinephrine  Instilled  into  the  renal  ertety  fuch  ee  reported  by 
Hatcher  et  al.  Other  tissues  wore  also  examined  in  these  dogs  end  eteee  of 
ischemic  necrosis  were  also  found  in  the  liver  end  in  the  small  bowel.  The 
hiiit,  lui^-s  and  brain  were  never  found  to  be  Involved.  The  leelciia  appeared 
msst  comxionly  in  the  kidneys,  second  most  commonly  in  the  liver  end  were  found 
least  often  in  the  small  bovrel. 


CONCLUSIONS 


Death  and  renal  tubular  necrosis  during  cxperimontal  hemorrhagic  shock  in 
dejs  j.s  marlxidly  affecced  by  the  use  of  heparin.  Heparin  in  large  enough 
u'.  eents  will  almo.«t  abolish  both  mortality  and  renal  laetons  during  long  periods 
o J  !  jdernte  shock.  If  no  heparin  is  used  the  mortality  in  such  exparimente  will 
L-..  high  afte-r  relatively  short  periods  of  shock  if  e  weteble  eyetem  ia  used, 
if  a  nonwatalle  system  of  handling  blood  is  substituted,  mortality  it  abolished 
and  although  renal  tubular  lesions  occasionally  occur  they  are  minor  in  comperiion. 
In  preparing  standardized  models  of  hemorrhagic  shock  in  doga  strict  attention 
u.ust  be  paid  to  the  type  of  anticoagulation  uaed,  the  amount  used,  the  preeenM 
or  abjcnce  of  wetable  materials  in  the  tubing  and  reservoir  systems  and  the 
guntlcncss  with  which  the  blood  is  handled. 
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OXTGEN  CONSUMPTION  DURING  SHOCK  XN  DOGS 


In  the  final  analysis  shock  in  man  and  animal  Is  th«  raault  of  fatlun  to 
properly  maintain  metabolism  at  the  level  of  the  coll.  Many  of  the  poraaotoro 
which  arc  measured  in  order  to  maasure  shock  are  at  best  indirect  indications 
of  this  failure.  One  uf  the  uiooL  direct  parameters  which  can  ba  measured  is 
the  conaunipcion  of  oxygen  by  the  animal  during  the  period  of  stress.  Main- 
tenanco  of  adequate  oxygen  consumption  Indicates  adequate  delivery  of  oxygen 
to  cell  and  utilisation  in  the  cell.  A  diminishing  oxygen  consumption 
InJtcates  failure  of  delivery  of  oxygen  to  the  cellular  units  end/or  feilure 
of  these  units  to  utilize  oxygen.  As  shock  deepens  both  factors  are  probably 
implicated.  Guyton  and  Parish  in  19S9  devised  an  oxygen  consumption  recorder 
v.'hich  they  have  used  successfully  in  measuring  many  of  tho  verietions  in 
oxygen  consumption  during  the  shock  period.  We  feel  that  euoh  an  epperetua 
has  considerable  research  and  clinical  application  and  thus  have  currently 
developed  e  device  for  monotorlng  oxygen  coa  umpeion  end  are  applying  it  to  e 
number  of  research  problems  iu  shock. 


MATERIALS  AND  METHODS 


A  standard  spirometer  was  modified  by  replacing  the  tubing  with  standard 
e.-iestnesia  gas  tubing  and  couplings.  The  output  end  of  the  spirometer  was 
connected  to  the  Intake  part  of  a  standard  Harvard  variable  rate  end  vuliuie 
piston  respirator.  Gas  from  the  cylinder  of  the  respirator  was  fed  into  the 
uog's  tracheo-bronchlal  tree  by  way  of  a  cuffed  tracheal  tube  and  the  return 
flow  from  the  dog  was  fed  back  into  the  tank  of  the  spiromater  through  anesthesia 
tubing.  By  fixing  the  stroke  rate  and  volu&vi  of  the  respirator  at  any  level 
above  the  normal  oxygen  consumption  of  tho  experimental  animal  a:ul  by  filling- 
the  tank  of  the  S|.irometer  with  oxygen,  the  oxygon  consumption  of  the  animal 

c.uui.u  uc  ukUtoCuiTtsu  wvuL  y«e.i.wai»  siZ  wIaukas  lu 

coiu.uu.ption  could  bo  noted  with  each  streVa  of  the  rcsplrometer  so  that  total 
response  delay  of  the  system  was  based  on  the  stroke  rate,  A  number  of  prO' 
limlczry  experiments  have  been  performed  using  this  device.  During  these 
experiments  and  vcncus  and  arterial  oxygen  in  the  experimental  animals  were 
measured  at  intervals  with  the  use  of  a  Wllson-Juy  gas  chromotography  unit. 
Knowing  both  venous  and  arterial  oxygen  levels  plus  total  oxygen  consun^tion 
allowed  cardiac  output  to  be  calculated  or.  the  basis  of  the  effect  principle 
as  previously  noted  by  Guyton.  Serum  so  ium,  potassium,  CO2,  chloride,  pH  and 
osmolarlty  ^Jere  also  measured  aeriodicaliy  in  our  animals. 
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In  pralimlnary  cxperlmants  oxygen  consiunptlon  ha«  been  neeeured  In  5 
untreated  control  uuimals,  in  7  animals  following  iplecnectony,  and  In  12 
animals  in  varying  stages  of  snock. 

RESULTS 


These  preliminary  findings  indicate  that  the  described  mechanism  for 
i.^tourlng  oxygen  consumption  Is  reliable  end  reproducible.  The  binding  of 
othars  thot.  ahuck  diminishes  oxygen  consumption  in  relation  to  the  degree  of 
blood  loss  is  conflr>ned.  It  is  noted  that  an  oxygen  debt  is  accumulated 
durii^  the  period  of  shock  and  that  the  ability  of  the  experiiuantal  animal  to 
recover  from  shock  appears  roughly  correlated  with  his  ability  to  raatoro  hla 
oxygen  debt  followlr.g  rotransfusion. 


Discussion 


These  initial  experiments  have  encouraged  us  to  feel  th^t  this  method  !■ 
e  usable  one  for  monetary  shock  and  the  methods  of  a^odificatlon  of  ehoek  in 
the  experimental  animal  and  In  other  cllrlcal  circumstances.  It  la  antloipatad 
t'uet  the  effectiveness  of  vasopressors,  vasoconstrl''tors,  antiooagulanta  and 
various  dagre-.a  of  acidosis  and  alkylosla  can  be  more  affectively  explored  with 
the  use  of  this  additional  tool. 
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